Asteroseismology is a very useful tool for exploring the stellar interiors and evolutionary status and for determining stellar fundamental parameters, such as stellar mass, radius, surface gravity, and the stellar mean density. In the present work, we use it to preliminarily analyze the 14 new-type pulsating stars: Blue Large-Amplitude Pulsators (BLAPs) which is observed by OGLE project, to roughly analyze their evolutionary status. We adopt the theory of single star evolution and artificially set the mass loss rate of M = −2 × 10 −4 M ⊙ /year and mass loss beginning at the radius of R = 40 R ⊙ on red giant branch to generate a series of theoretical models. Based on these theoretical models and the corresponding observations, we find that those BLAP stars are more likely to be the core helium burning stars. Most of them are in the middle and late phase of the helium burning.
INTRODUCTION
Blue Large-Amplitude Pulsator (BLAP) is a new type variable stars observed by the long-term large-scale photometric sky survey the Optical Gravitational Lensing Experiment (OGLE) (e.g., Pietrukowicz et al. 2013 Pietrukowicz et al. , 2017 . The OGLE observation project is established in 1992 and has continuously been providing important discoveries in a variety of fields of modern astrophysics (for more descriptions about the OGLE observation project, please refer to, e.g., Udalski 2003; Pietrukowicz et al. 2013; Udalski et al. 2015; Pietrukowicz et al. 2017) . Since 2010 the project is in its fourth phase (OGLE-IV). Previous phases were: OGLE-I, which is from 1992 to 1995, OGLE-II from 1996 to 2000, and OGLE-III from 2001 to 2009, respectively.
The 14 new type pulsating stars, OGLE-BLAP-001, OGLE-BLAP-002, ..., OGLE-BLAP-014, are listed in Table 1. They have observed in the third (OGLE-III) and the fourth (OGLE-IV) observation phases of the OGLE project (Pietrukowicz et al. 2017) . They are single period pulsation targets with periods ranging from 22 to 39 min. Their relative period changes ( P/P) are the order of 10 −7 year −1 ⋆ E-mail: wutao@ynao.ac.cn † E-mail: ly@ynao.ac.cn and the corresponding pulsation amplitudes are of 0.19-0.36 mag in I-band and of 0.22-0.43 mag in V-band, respectively (seeing Table 1 of Pietrukowicz et al. 2017) . Phased light curves have a characteristic sawtooth shape (refer to the Figure 1 of Pietrukowicz et al. 2017) , which is similar to the shape of δ Scuti stars, classical Cepheids, and the RR Lyrae-type stars pulsating in the fundamental mode. In addition, the pulsating periods and amplitudes are located in the range of δ Scuti-type stars whose periods ranging from 18 min to 8 h and the amplitude larger than 0.1 mag for the High-amplitude δ Scuti stars (e.g., Breger 2000; Niu et al. 2013; Fang et al. 2016) . Those similar characteristics lead that the prototype object of the whole class, OGLE-BLAP-001, is misidentified as a δ Scuti-type star and named OGLE-GD-DSCT-0058 (Pietrukowicz et al. 2013 (Pietrukowicz et al. , 2017 . Finally, combining with the spectroscopic observations of targets OGLE-BLAP-001, OGLE-BLAP-009, OGLE-BLAP-011, and OGLE-BLAP-014, Pietrukowicz et al. (2017) reidentified them as a new type pulsating stars and named them as Blue Large-Amplitude Pulsators (BLAPs). They are located between the β Cep and the sdO-and/or sdBtype stars on Hertzsprung-Russell (HR) diagram (refer to the Figure 5 of Pietrukowicz et al. 2017 ).
The relative period change P/P of pulsating modes is determined by Pietrukowicz et al. (2017) for 11 of the 14 targets. They are of the order of 10 −7 year −1 . For the evolutionary status of those stars, Pietrukowicz et al. (2017) suggested that those stars possibly have lower mass of about 0.3 M ⊙ staying at hydrogen-shell-burning, which can be formed in the evolution of a star with the zero-age main-sequence mass M ZAMS ≈ 1.0 M ⊙ and losing most of its mass at the red giant branch. Or they have larger mass of about 1.0 M ⊙ at core helium burning, which can be formed from the star of M ZAMS ≈ 5.0 M ⊙ .
The stellar evolutionary status can be theoretically determined by the relative period changes, if the relative period changes are dominated by stellar evolution. For instances, the main-sequences (core hydrogen burning), the red-giant (hydrogen-shell-burning), and the horizontal branch stars (core helium burning), even the white dwarf stars (just a cooling process) have different time scales.
In the present work, we will use the theory of the single star evolution to generate a series of models which can reach the region of BLAPs at the HR diagram. From those theoretical models, we will try to analyze and reveal the possible evolutionary status of these new type pulsating targetsBLAPs.
OBSERVATIONS
In the work of Pietrukowicz et al. (2017) , they have determined the periods (P) for two OGLE phases, respectively, i.e., P III and P IV . Finally, they calculated the relative period changes with the relation of P/P = ∆P ∆t
. For OGLE-BLAP-002, OGLE-BLAP-004, and OGLE-BLAP-011, there are not available light curve in the third observation phase (OGLE-III). Therefore, their relative period changes ( P/P) are unavailable.
Similar to Pietrukowicz et al. (2017) , we adopt the period of the fourth observation phase (P IV ) as the final period (P) to make analysis. They are listed in Table 1 . In addition, we calculate the relative period changes of OGLE-BLAP-002, OGLE-BLAP-004, and OGLE-BLAP-011 from the fourth observation phase with the similar method. We cut the light curves of the fourth observation phase into two parts at the larger gap around the center of the light curves and determine their periods, respectively. Here, the software of Period04 (Lenz & Breger 2004 , 2005 , 2014 ) is used to extract the pulsation frequencies and calculate the corresponding uncertainties from light curves. For OGLE-BLAP-002, we divide the observations into two parts from HJD ≃ 2, 455, 900 day. The mean moments of the segments are t 1 = 2, 455, 556.17641 and t 2 = 2, 456, 277.19568 day, respectively. Correspondingly, their frequencies are ν 1 = 61.8397878 ± 0.000071 and ν 2 = 61.8400227 ± 0.000068 c/d, respectively. Finally, we obtain the relative period change of OGLE-BLAP-002 to be of P/P = (−19.23±8.05)×10 −7 year −1 . We cut the light curves of OGLE-BLAP-004 at the time of HJD ≃ 2, 456, 600 day and calculate their mean moments of the segments and frequencies: t 1 = 2, 455, 926.19588, t 2 = 2, 457, 154.77045 day, ν 1 = 64.410234 ± 0.000016 and ν 2 = 64.4103431 ± 0.00003 c/d, respectively. We finally obtain the relative period change of OGLE-BLAP-004 to be of P/P = (−5.03 ± 1.57) × 10 −7 year −1 . Similarly, for OGLE-BLAP-011, we cut the light curves into two segments at HJD ≃ 2, 455, 900 day. We calculate their mean moments of the segments t 1 = 2, 455, 556.209115 and t 2 = 2, 456, 359.236565 day and the corresponding frequencies ν 1 = 41.29052 ± 0.00007 and ν 2 = 41.2904601 ± 0.00004 c/d for the two segments light curves, respectively. Finally, we obtain the relative period change 1 of P/P = (+6.77 ± 8.87) × 10 −7 year −1 . They are listed in Table 1 . Compared with the other targets, OGLE-BLAP-002 has larger relative period change in order of magnitude.
In addition, for OGLE-BLAP-001, OGLE-BLAP-009, OGLE-BLAP-011, and OGLE-BLAP-014, Pietrukowicz et al. (2017) have made spectroscopic observations and extracted their effective temperature (T eff ), surface gravity (log g), and helium-to-hydrogen number ratio (log(N He /N H )). They are listed in Table 1 .
PHYSICAL INPUTS
In the present work, our theoretical models were computed by the Modules of Experiments in Stellar Astrophysics (MESA), which is developed by Paxton et al. (2011) . It can be used to calculate both the stellar evolutionary models and their corresponding oscillation information (Paxton et al. 2013 ). We adopt the package "pulse" of version "v6208" to make our calculations for both stellar evolutions and oscillations (for more detailed descriptions refer to Christensen-Dalsgaard 2008; Paxton et al. 2011 Paxton et al. , 2013 .
Based on the default parameters, we adopt the OPAL opacity table GS98 (Grevesse & Sauval 1998) series. We choose the Eddington grey-atmosphere T − τ relation as the stellar atmosphere model, and treat the convection zone by the standard mixing-length theory (MLT) of Cox & Giuli (1968) with mixing-length parameter α MLT = 2.0. In addition, the element diffusion, convective overshooting, semiconvection, thermohaline mixing, and the mass-loss due to stellar wind were not included in the theoretical models. However, in order to strip the extra mass from stellar envelope and to generate a series of expected models, we artificially assume the rate of mass ejection ( M) to be a fixed value for a given star.
MODELING AND RESULTS
The spectroscopic observations (helium-to-hydrogen number ratio log(N He /N H ) ∼ −0.5) indicate that the helium-tohydrogen mass fraction ratio Y surf /X surf is about 1.3 on stellar surface. For a normal star, the surface helium-to-hydrogen mass fraction ratio Y surf /X surf is around 1 3 at the beginning of stellar formation, such as the Sun. Therefore, those BLAP stars should go through a process of mass loss to strip most mass from stellar surface and leave a similar naked core.
In the present work, the calculations of stellar evolution are started from the pre-main sequence, i.e., the Hayashi line. In order to obtain a suitable model at the expected region of BLAP stars on the HR diagram, similar to the process of generating sdB stars with the way of Han et al. (2002) and Xiong et al. (2017) , we artificially assume that stars strip their most mass with the mass loss rate of M = Table 1 . Summary of the observed properties of 14 known BLAPs, including period (P), relative period change ( P/P), effective temperature (T eff ), surface gravity (log g), and helium-to-hydrogen number ratio (log(N He /N H )). These observational parameters are from Pietrukowicz et al. (2017) −2 × 10 −4 M ⊙ /year beginning at the red giant branch with a radius of R ≃ 40 R ⊙ . In the work of Pietrukowicz et al. (2017) , they thought those BLAP stars are low-mass (∼ 0.3 M ⊙ ) stars in the hydrogen-shell-burning phase and/or larger mass (∼ 1.0 M ⊙ ) stars in the helium-core-burning phase. In the present work, we also consider the two corresponding cases: smaller and larger mass. The initial helium abundance Y init = 0.276, initial metallicity Z init = 0.007 (metal-poor), 0.014 (near solar-metal), and 0.028 (metal-rich), respectively, for both of cases. For the low mass case, the initial mass (M init ) ranges from 0.8 to 1.3 M ⊙ with a step of 0.1 M ⊙ and the final mass (M 0 ) from 0.26 to 0.46 M ⊙ with a step of 0.05 M ⊙ , respectively. They are the hydrogen-shell-burning stars. The calculations are shown in Figure 1 .
It can be seen from Figure 1 (a) (HR diagram) that the calculations of those models whose final mass M 0 0.31 M ⊙ are interrupted. They do not arrive at the expected region on the HR diagram. For those model of final mass M 0 = 0.46 M ⊙ , some of them evolve to the high effective temperature areas and the other also stay at the lower effective temperature. In addition, these models (final mass M 0 = 0.41 M ⊙ ) have higher luminosity (log L/L ⊙ ∼ 3) compared to the observation of BLAPs (log L/L ⊙ ∼ 2.5). Merely those models whose final mass is 0.36 M ⊙ have similar global characteristics with BLAPs on the HR diagram, i.e., similar effective temperature and luminosity. The periods and relative period changes of the corresponding similar models are calculated and shown in Figures 1(b) and 1(c) , respectively. It can be seen from the two figures that the relative period changes ( P/P) are the order of magnitude of 10 −5 year −1 at the same period ranges with the observations of BLAPs.
For the 14 BLAP stars, their relative period changes are the order of magnitude of 10 −7 or 10 −8 year −1 , except for target OGLE-BLAP-002 whose relative period change is at the order of magnitude of 10 −6 year −1 ((−19.23 ± 8.05) × 10 −7 year −1 ). Compared with the observations, calculation models have far larger relative period changes on order of magnitude for such low mass case. Therefore, the calculations indicate that the BLAP stars might not belong the hydrogen-shell-burning stars. At least, the above calculations can not meet with observations on the relative period changes. We will calculate and analyze the larger mass case, i.e., stars stay at the core helium burning phase, in the follows. According to theoretical calculations, we find that those models, whose initial masses are larger than 4.0 M ⊙ and the final masses are between 0.5 and 1.2 M ⊙ , might reach the region where those BLAPs are located on the HR diagram, i.e., log T eff ≃ 4.4 − 4.5 and log L/L ⊙ ≃ 2.2 − 2.8 (for more descrptions refer to Pietrukowicz et al. 2017 ). In addition, those models are located in the phase of central helium burning. It is worth noting that those models, whose parameters are within the above mentioned ranges but with more hydrogen in its outer envelope, also can not reach this expected region on the HR diagram.
We make calculations for those models whose initial mass ranges from 4.5 to 6.0 M ⊙ with a step of 0.1 M ⊙ and the final mass from about 0.66 to 1.21 M ⊙ with a step of 0.01 M ⊙ , respectively. The composition of elements is the same with the low mass case. The initial helium abundance Y init = 0.276, initial metallicity Z init = 0.007 (metal-poor), 0.014 (near solar-metal), and 0.028 (metal-rich), respectively. The overview of the calculated models are shown in Figures  2 and 3 for larger mass case. Figure 2 represents the luminosity log L/L ⊙ (HR dia- gram; Panel (a)), surface gravity log g (Panel (b)), and surface helium-to-hydrogen number ratio log(N He /N H ) (Panel (c)) as a function of effective temperature log T eff , respectively. The relation between the relative period changes ( P/P) and periods (P) is shown in Figure 3 . It can be seen from Figure 2 that the calculated results are in good agreement with the properties of the observations of targets in global parameters, such as effective temperature (T eff ), luminosity (L), surface gravity (log g), and the surface helium-to-hydrogen number ratio (log(N He /N H )).
In addition, the model calculations and observations are as well in good agreement with those observations on both of pulsation periods (P) and corresponding relative period changes ( P/P) (seeing Figure 3) . In addition, it can be seen from Figure 3 that the metal-richer models (Z init = 0.014 and 0.028) are slightly better than the metal-poor models (Z init = 0.007) for marching with observations in relative period change. The above calculations indicate that, for low mass case (the hydrogen-shell-burning stars), the global fundamental parameters and the pulsation periods of theoretical models are roughly consistent with the observations. But, com- pared with the observations, they have larger relative period change on order of magnitude. While, all of the available observations are perfectly consistent with the fundamental parameters of the theoretical models for those core helium burning stars. Compared the results between low mass stars with larger mass stars, we find that the BLAP stars are more likely to be the core helium burning phase stars.
As shown in Figure 4 , the pulsation period will rapidly decrease with the increase of stellar age at the infancy of the helium-burning, i.e., the period change is less than zero ( P/P < 0) and with a relative larger value. And then, the decrease speed of period reduces. The period stays at a stable level and the period change with a smaller value. Finally, the period increases, when the center helium are almost exhausted. During the center helium burning, the variation of stellar radius is fully consistent with period. It can be briefly summarized that stellar radius varies with the center helium burning. Finally, it leads similar variation on pulsation periods. It indicates that the period change contains their inner information. Therefore, the period change can be used to roughly constrain the specific evolutionary status for those BLAP stars. 
CONCLUSIONS
BLAPs is a new type pulsating star discovered by the OGLE project (Pietrukowicz et al. 2017) . Thanks to more than 16 years observations, their pulsating periods and the corresponding relative period changes are precisely determined by Pietrukowicz et al. (2017) . They are identified as the radial fundamental modes. Based on those observations, Pietrukowicz et al. (2017) suggested that those stars are possible low mass stars (∼ 0.3 M ⊙ ; the hydrogen-shellburning) and/or larger mass stars (∼ 1.0 M ⊙ ; the core helium burning). In the present work, we generate a series of theoretical models with single evolutionary by MESA (Paxton et al. 2011 (Paxton et al. , 2013 and preliminarily analyze the possible evolutionary status.
Based on the work of Pietrukowicz et al. (2017) , we make corresponding theoretical model calculations for both of stellar structure and pulsations for both of two possibilities. Finally, we find that these BLAP stars are more likely to be core helium burning phase stars. The order of magnitude of the relative period changes is about 10 −5 year −1 for the hydrogen-shell-burning stars (M 0 ∼ 0.36 M ⊙ ). It is far larger than the observations which are around 10 −7 or 10 −8 year −1 . For the core helium burning stars (M 0 ∼ 0.7 − 1.1 M ⊙ ), the model calculations are in good agreement with almost all of the available observations, including effective temperature (log T eff ), surface gravity (log g), surface helium-to-hydrogen number ratio (log(N He /N H )), pulsation period (P), and relative period change ( P/P).
We find that the relative period change contain stellar inner information about helium burning from the marching of the relative period change between models and observations. These BLAP stars are in the middle and late phase of the center helium burning. The center helium abundance (Y C ) is less than 0.45 for most of these BLAP stars. In addition, we find the metal-rich models are better than the metal-poor models for meeting the observations in relative period change.
In the present work, we merely analyze the possible evolutionary status for those BLAP stars. The mass loss ratio are artificially fixed in our theoretical model calculations. There is not enough suitable physical basis to support it. In the future work, we will consider more physical processes, such as binary evolution, in theoretical models.
